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(57) ABSTRACT

The present invention relates to a multi-phase ultra-wideband
signal generator using differential pulse oscillators and an
array thereof. The multi-phase ultra-wideband signal genera-
tor using differential pulse oscillators and an array thereof
includes N pulse oscillators for generating pulse signals
based on supply of power. The multi-phase ultra-wideband
signal generator further comprises N inverting amplification
units for outputting inverted amplified signals of output sig-
nals of the N pulse oscillators when a number of pulse oscil-
lators is at least two, wherein, when the number of pulse
oscillators is an even or odd number, the pulse oscillators are
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MULTI-PHASE ULTRA-WIDEBAND SIGNAL
GENERATOR USING DIFFERENTIAL PULSE
OSCILLATORS AND ARRAY THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Korean
Patent Application No. 10-2009-0004993, filed on Jan. 21,
2009, and Korean Patent Application No. 10-2009-0112667,
filed Nov. 20, 2009, the disclosures of which are expressly
incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates, in general, to ultra-
wideband signal generators, and, more particularly, to tech-
nology related to a scheme for asynchronously regulating the
equivalent halfcircuits of each of differential pulse oscillators
and configuring the differential pulse oscillators in the form
of an array for the purpose of generating multi-phase pulses
and performing Phase Shift Keying (PSK) modulation when
ultra-wideband signals are generated using the differential
pulse oscillators and an array thereof.

[0004] 2. Description of the Related Art

[0005] Ultra-wideband radio technology enables low-
power operations due to a short pulse operation, and enables
the implementation of a position tracking system requiring
high-speed communication or high precision through the use
of a wide bandwidth, and thus research into ultra-wideband
radio technology has recently been actively conducted. When
transmission or reception is performed using a pulse, several
problems occur due to the interference between signals or the
periodic repetition of a pulse unless the pulse is modulated. In
order to effectively transmit data and extract target informa-
tion in a radar system or a communication system, at least
Quadrature Phase Shift Keying (QPSK) or M-ary phase shift
keying (M-PSK) is required.

[0006] As shown in FIG. 1, a conventional process of gen-
erating an ultra-wideband pulse and modulating the pulse
using Binary Phase Shift Keying (BPSK) modulation is per-
formed to generate ultra-wideband signals 104a and 1045 in
such a way as to allow signals 101« and 1015 output from a
differential sine wave generator 101, which is continuously
operating, to pass through relevant switches only for a prede-
termined time (t) using switches 102 and 103 and switch
control signals 102a and 103a.

[0007] Here, when the sine wave generator 101 has a dif-
ferential structure, oscillation signals 101a and 1015 have
phases of (+) and (-). Accordingly, when signals are output
using the switch 102 corresponding to a positive (+) signal,
the signal at an output terminal 104 is a positive (+) pulse
104a. Further, when signals are output using the switch 103
corresponding to a negative () signal, the signal at the output
terminal 104 is a negative () pulse 1045. Through this opera-
tion, BPSK modulation may be performed.

[0008] As shown in FIG. 2, a conventional process of gen-
erating an ultra-wideband pulse and modulating the pulse
using QPSK is performed to generate ultra-wideband signals
208, 209, 210 and 211 in such a way as to allow signals 2014,
2015, 201c¢, and 2014 output from a quadrature sine wave
generator 201, which is continuously operating, to pass
through relevant switches only for a predetermined period of
time (t) using switches 202, 203, 204 and 205 and a switch
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control signal 207. In this case, as shown in FIG. 2, the
quadrature sine wave generator 201 may be implemented as
an array of two differential oscillators and four inverting
amplifiers.

[0009] The oscillation signals 201qa, 2015, 201¢ and 2014
of'the quadrature sine wave generator 201 have phases of 0°,
90°, 180° and 270°, respectively. Therefore, when a signal is
output using the switch 202 corresponding to a signal having
a phase of 0°, the signal at an output terminal 206 is a pulse
208 having a phase of 0°. Further, when a signal is output
using the switch 203 corresponding to a signal having a phase
of 90°, the signal at the output terminal 206 is a pulse 209
having a phase of 90°. When a signal is output using the
switch 204 corresponding to a signal having a phase of 180°,
the signal at the output terminal 206 is a pulse 210 having a
phase of 180°. When a signal is output using the switch 205
corresponding to a signal having a phase of 270°, the signal at
the output terminal 206 is a pulse 211 having a phase of 270°.
Therefore, when these pulses are used, QPSK modulation can
be performed.

[0010] Such aconventional ultra-wideband pulse generator
is problematic in that power efficiency is deteriorated due to
the insertion loss of the switch units 102, 103, 202, 203, 204,
and 205, and in that additional power loss may occur when the
switch units are implemented in the form of active amplifiers
s0 as to compensate for the insertion loss of the switch units.

SUMMARY OF THE INVENTION

[0011] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the prior art,
and an aspect of the present invention may provide a multi-
phase ultra-wideband signal generator, which asynchro-
nously regulates the equivalent half circuits of each of differ-
ential pulse oscillators using asynchronous control signals
when ultra-wideband signals are generated using the differ-
ential pulse oscillators and an array thereof, thus maximizing
the transient response speed of the oscillators, and which
interchanges the control sequence of the asynchronous con-
trol signals, thus performing PSK modulation without requir-
ing a separate modulator.

[0012] The present invention may provide a multi-phase
ultra-wideband signal generator using differential pulse
oscillators and an array thereof, comprising N pulse oscilla-
tors for generating pulse signals based on supply of power;
and further comprising N inverting amplification units for
respectively outputting inverted amplified signals of output
signals of the N pulse oscillators when a number of pulse
oscillators is at least two, wherein, when the number of pulse
oscillators is an even number, the pulse oscillators are arrayed
such that they have a connection form in which output termi-
nals OUT(+) and OUT(-) of a relevant pulse oscillator are
respectively connected to output terminals OUT(+) and OUT
(=) of a next pulse oscillator through a relevant inverting
amplification unit, and the connection form is consecutively
applied to the pulse oscillators ranging from a first pulse
oscillator to a last pulse oscillator, and such that the output
terminals OUT(+) and OUT(-) of the last pulse oscillator are
respectively connected to output terminals OUT (=) and OUT
(+) of the first pulse oscillator through a relevant inverting
amplification unit, and wherein, when the number of pulse
oscillators is an odd number greater than 1, the pulse oscilla-
tors are arrayed such that they have a connection form in
which output terminals OUT(+) and OUT(-) of a relevant
pulse oscillator are respectively connected to output terminals
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OUT(+) and OUT(-) of a next pulse oscillator through a
relevant inverting amplification unit, and the connection form
is consecutively applied to the pulse oscillators ranging from
a first pulse oscillator to a last pulse oscillator, and such that
the output terminals OUT(+) and OUT(-) of the last pulse
oscillator are respectively connected to output terminals OUT
(+) and OUT(-) of the first pulse oscillator through a relevant
inverting amplification unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram showing an example of a con-
ventional process for generating an ultra-wideband pulse and
performing BPSK modulation;

[0014] FIG. 2 is a diagram showing an example of a con-
ventional process for generating an ultra-wideband pulse and
performing QPSK modulation;

[0015] FIG. 3 is a diagram showing the construction of a
multi-phase ultra-wideband signal generator using differen-
tial pulse oscillators and an array thereof according to the
present invention;

[0016] FIG. 4 is a diagram showing the construction of a
differential pulse oscillator according to the present inven-
tion;

[0017] FIGS. 5 and 6 are diagrams showing examples of the
control signals ofthe differential pulse oscillator according to
the present invention;

[0018] FIG. 7 is a diagram showing an example of the
relationships between output phases corresponding to control
signals according to the present invention;

[0019] FIGS. 8A and 8B are diagrams showing the con-
struction of a multi-phase ultra-wideband signal generator
using an array of a predetermined number of pulse oscillators
according to the present invention;

[0020] FIG.9is acircuit diagram showing the construction
of a differential pulse oscillator implemented using CMOS
devices and L.C resonators according to an embodiment of the
present invention;

[0021] FIG. 10 is a view showing a picture of an ultra-
wideband signal generator Integrated Circuit (IC) actually
implemented using a CMOS manufacturing process accord-
ing to the present invention;

[0022] FIG. 11 is a graph showing the results of computer
simulation of an actually implemented ultra-wideband signal
generator IC, based on the control signals of FIG. 5, accord-
ing to the present invention;

[0023] FIG. 12 is a graph showing the results of computer
simulation of an actually implemented ultra-wideband signal
generator, based on the control signals of FIG. 6, according to
the present invention;

according to the present invention;

[0024] FIG. 14 is a diagram showing the construction of an
ultra-wideband signal generator using CMOS devices and L.C
resonators according to an embodiment of the present inven-
tion; and

[0025] FIG. 15 is a graph showing the results of simulation
of output signals from output terminal OUT(+),q0,, corre-
sponding to the control signals of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] The above and other aspects, features and advan-
tages of the present invention will be more clearly understood
from the following detailed description taken in conjunction
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with the accompanying drawings. In the following descrip-
tion of the present invention, if detailed descriptions of related
well-known constructions or functions are determined to
make the gist of the present invention unclear, the detailed
descriptions will be omitted.

[0027] Hereinafter, embodiments of the present invention
will be described in detail with reference to the attached
drawings.

[0028] A multi-phase ultra-wideband signal generator
(hereinafter referred to as an ‘ultra-wideband signal genera-
tor’) 300 using differential pulse oscillators and an array
thereof according to the present invention will be described in
detail with reference to FIGS. 3 to 15.

[0029] FIG. 3 is a diagram showing the overall construction
of the ultra-wideband signal generator 300 according to the
present invention, and FIG. 4 is a diagram showing a differ-
ential pulse oscillator 400 which is a basic unit of the ultra-
wideband signal generator 300 of FIG. 3.

[0030] First, the differential pulse oscillator 400, which is
the basic unit of the ultra-wideband signal generator 300
according to the present invention, will be described below.
[0031] As shown in FIG. 4, the differential pulse oscillator
400 includes an oscillator unit 410, which includes a resona-
tor 411 (including resonators 411a and 4115) and a negative
conductance (-G) generator 412 (including generators 412a
and 4125) and generates a pulse signal based on the supply of
power, and a first switch unit 420 (including switches 421 and
422) for controlling power to be supplied to the oscillator unit
410.

[0032] Here, the first switch unit 420 (including switches
421 and 422) is an active element switch or a passive element
switch. The oscillator unit 410 is composed of equivalent half
circuits (that is, a left core and a right core) around an actual
or virtual AC ground 430 or 440. Power components to be
supplied to the left core and the right core are respectively
controlled by the two switches 421 and 422 of the first switch
unit 410.

[0033] In this case, the oscillator unit 410 may include a
second switch unit 413 (including switches 413a and 4135)
connected between the resonators 411a and 4115 and the
negative conductance generators 412a and 4125 so as to
bypass the resonators 411a¢ and 4115 and configured to
reduce a ringing component attributable to a switching opera-
tion or improve the response speed at the time of performing
switching.

[0034] The flow of signal generation performed by the dif-
ferential pulse oscillator 400 having the above construction
will be described below.

[0035] First, when the first switches 421 and 422 are con-
trolled so that the power to the oscillator unit 410 is supplied
only for a predetermined period of time, pulse-shaped signals
are generated.

[0036] In this case, the polarities of pulse signals output
from output terminals OUT(+) and OUT(-) may be changed
depending on control signals input to the control terminals
Enable(+) and Enable(-) of the first switches 421 and 422.
That is, depending on the control signals at the control termi-
nals Enable(+) and Enable(-), it is possible that the phase of
the output signal from the output terminal OUT(+) be 0° and
the phase of the output signal from the output terminal OUT
(=) be 180° and it is also possible that the phase of the output
signal from the output terminal OUT(+) be 180° and the phase
of the signal from the output terminal OUT(-) be 0°.
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[0037] In the present invention, the signals of the pulse
oscillator, which have a phase difference of 180° therebe-
tween, are distinguished from each other as ‘+’ and “-’.

[0038] FIGS. 5 and 6 illustrate signals input to terminals
Enable (+) and Enable (-).

[0039] There are three states, that is, ‘off’, ‘oscillation
ready’ and ‘oscillation’ depending on the control signals. The
state ‘oscillation ready’ is divided into the state ‘left core
oscillation ready’ and the state ‘right core oscillation ready’,
which are shown in FIGS. 5 and 6, respectively.

[0040] First, as shownin FIGS. 5 and 6, in the state ‘off’, the
switches 421 and 422 of'the first switch unit are turned off and
the switches 413a and 4135 of the second switch unit are
turned on.

[0041] In this case, since current flows through neither the
left core on the side of OUT(+) nor the right core on the side
of OUT(-), and negative conductance for oscillation does not
occur, and thus the oscillator unit cannot oscillate.

[0042] In the state ‘left core oscillation ready’ (T, ) of FIG.
5, the switch 421 of the first switch unit is turned on (10), and
the switch 422 of the first switch unit is turned off (20).

[0043] Sincethe left and right cores of the differential oscil-
lator are arranged around the (actual or virtual) AC ground on
the basis of the principle of operation, both the left and right
cores must have negative conductance (-G) so as to allow the
differential oscillator to oscillate.

[0044] Therefore, with regard to the control signals of FIG.
5, in the state ‘Left core oscillation ready’(t,), the left core
enters the state in which current flows therethrough, but the
right core is still turned off by the switch 422. As a result,
oscillating conditions cannot be satisfied, and thus the oscil-
lator unit cannot oscillate.

[0045] In this case, the switches 413a and 4134 of the
second switch unit are turned on (30) and are configured to
bypass the resonators 411a and 4115 to the AC ground, and
thus a ringing component that may be generated at the time of
performing switching is eliminated.

[0046] Meanwhile, in the state ‘Right core oscillation
ready’ (t,) of FIG. 6, the switch 421 of the first switch unit is
turned off (40), and the switch 422 is turned on (50).

[0047] Considering that, in order for the differential oscil-
lator to oscillate, both the left and right cores must have
negative conductance (-G), the right core enters the state in
which current flows therethrough, but the left core is still
turned off by the switch 421. As a result, oscillating condi-
tions cannot be satisfied, and thus the oscillator unit cannot
oscillate. In this case, similarly to the state ‘left core oscilla-
tion ready’, the switches 413a and 4135 of the second switch
unit are turned on (60) and are configured to bypass the
resonators 411a and 4115 to the AC ground, and thus a ring-
ing component that may be generated at the time of perform-
ing switching is eliminated.

[0048] The state ‘oscillation’ may be divided into the case
where, as shown in FI1G. 5, the state ‘oscillation’ is made in the
state ‘left core oscillation ready’, and the case where, as
shown in FIG. 6, the state ‘oscillation’ is made in the state
‘right core oscillation ready’.

[0049] In the two cases, since oscillation occurs as initial
oscillation conditions are interchanged between the left core
and the right core, the phases of the oscillation signals are also
interchanged between the left and right cores. In this case,
because the oscillation signals exhibit a phase difference of
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180° therebetween due to the characteristics of the differen-
tial oscillator, the polarities of the oscillation signals are also
opposite to each other.

[0050] Therefore, in FIG. 5, oscillation occurs while power
is supplied to the right core at the moment at which oscillation
is started. In FIG. 6, oscillation occurs while power is sup-
plied to the left core at the moment at which oscillation is
started. Further, the oscillator performs a differential opera-
tion, so that oscillation signals having different polarities are
generated in response to the control signals of FIGS. 5 and 6.
[0051] That is, the phase of the signal, output from the
output terminal OUT(+) (or OUT(-)) when the control sig-
nals of FIG. 5 are applied to the differential structure of FI1G.
4, has a phase difference of 180° with respect to the phase of
the signal, output from the output terminal OUT(+) (or OUT
(-)) when the control signals of FIG. 6 are applied thereto.
Therefore, when the asynchronous control signals of FIGS. 5
and 6 are used together with the differential structure of FIG.
4, BPSK modulation may be performed without requiring a
separate modulator.

[0052] Further, the asynchronous control signals (of FIGS.
5 and 6) according to the present invention are advantageous
in that the transient response speed of the differential pulse
oscillator is maximized in the initial stage of oscillation. This
is due to the fact that, when disturbance simultaneously
occurs in both stages of the equivalent half circuits (left core
and right core) in the case of the differential pulse oscillator,
the differential pulse oscillator has operating characteristics
suppressing such a disturbance. This problem may be solved
by using asynchronous control signals, as described above.
[0053] The ultra-wideband signal generator 300 according
to the present invention includes N pulse oscillators 400 for
generating pulse signals based on the supply of power, and N
inverting amplification units 500 for respectively outputting
inverted amplified signals of the output signals of the N pulse
oscillators 400.

[0054] Further, the differential pulse oscillators for QPSK
modulation may be configured in the form of an array as in
FIG. 3.

[0055] In this case, when there is one pulse oscillator 400,
the inverting amplification units 500 are not required. How-
ever, when the number of pulse oscillators 400 is at least two,
N inverting amplification units 500 for respectively output-
ting inverted amplified signals of the output signals of N pulse
oscillators are required so that the pulse oscillators 400 can be
configured in the form of an array.

[0056] That is, as shown in FIG. 3, the output terminals
OUT(+) and OUT(-) of the first pulse oscillator 400a are
respectively connected to the output terminals OUT(+) and
OUT(-) of the second pulse oscillator 4005 through the first
inverting amplification unit 500q. The output terminals OUT
(+) and OUT (-) of the second pulse oscillator 40056 are
respectively connected to the output terminals OUT(-) and
OUT(+) of the first pulse oscillator 400a through the second
inverting amplification unit 5005.

[0057] In this case, control signals are required for the first
pulse oscillator 400a and the second pulse oscillator 4005,
respectively.

[0058] Meanwhile, it is assumed that an input signal for
performing control so that oscillation starts after the left core
is turned on first, as shown in FIG. 5, is logic 0, and that an
input signal for performing control so that oscillation starts
after the right core is turned on first, as shown in FIG. 6, is
logic 1.
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[0059] That is, if it is assumed that the first pulse oscillator
400q inputs signals (the signals of FIG. 5) so that oscillation
starts after the left core is turned on first, and that the second
pulse oscillator 4005 inputs signals (the signals of FIG. 6) so
that oscillation starts after the right core is turned on first,
controls signals OSC,,,, and OSC,,,, for the first pulse oscil-
lator 400q and the second pulse oscillator 4005, respectively,
can be represented by (0, 1).

[0060] Inthe case of signals generated by (0, 0), (0, 1), (1,
0) or (1, 1), initial oscillation conditions can be interchanged,
so that the phases of oscillation signals can also change, and
the arrays of the oscillation signals have a quadrature phase
therebetween, and thus QPSK modulation can be performed.
The relationships between the phases of output signals cor-
responding to respective input signals are shown in FIG. 7.
[0061] When M-ary PSK (M-PSK) higher than QPSK is
required, the ultra-wideband signal generator can be imple-
mented in the form of an array of a larger number of differ-
ential pulse oscillators, as shown in FIGS. 8A and 8B. FIG.
8A illustrates an example in which an even number of difter-
ential pulse oscillators 400 are arrayed, and FIG. 8B illus-
trates an example in which an odd number of differential
pulse oscillators 400 are arrayed.

[0062] That is, when the number of pulse oscillators is an
even number, the pulse oscillators are arrayed such that they
have a connection form in which the output terminals OUT(+)
and OUT(-) of a relevant pulse oscillator are respectively
connected to the output terminals OUT(+) and OUT(-) of the
next pulse oscillator through a relevant inverting amplifica-
tion unit, and the connection form is consecutively applied to
the pulse oscillators ranging from the first pulse oscillator to
the last pulse oscillator, and such that the output terminals
OUT(+) and OUT(-) of the last pulse oscillator are respec-
tively connected to the output terminals OUT(-) and OUT(+)
of'the first pulse oscillator through a relevant inverting ampli-
fication unit.

[0063] Further, when the number of pulse oscillators is an
odd number greater than 1, the pulse oscillators are arrayed
such that they have a connection form in which the output
terminals OUT(+) and OUT(-) of a relevant pulse oscillator
are respectively connected to the output terminals OUT(+)
and OUT(-) of the next pulse oscillator through a relevant
inverting amplification unit, and the connection form is con-
secutively applied to the pulse oscillators ranging from the
first pulse oscillator to the last pulse oscillator, and such that
the output terminals OUT(+) and OUT(-) of the last pulse
oscillator are respectively connected to the output terminals
OUT(+) and OUT(-) of the first pulse oscillator through a
relevant inverting amplification unit. Meanwhile, it can be
seen that the structure of FIG. 3 is the case where an even
number of differential pulse oscillators 400 are arrayed.
[0064] Hereinafter, embodiments of the present invention
will be described in detail with reference to the attached
drawings.

[0065] FIG.9is acircuit diagram showing the construction
of a differential pulse oscillator 600 implemented using
CMOS devices and LC resonators according to an embodi-
ment of the present invention. The differential pulse oscillator
600 includes a differential oscillator unit (including elements
610a, 6105, M;, and M,) and a switch unit (including ele-
ments M,;, M,, Ms, and My).

[0066] The elements Mj[text missing or illegible
when filed] and M, are configured such that their drains and
gates are cross coupled to provide negative conductance
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(=G). Further, the elements M;[text missing or illegible
when filed] and M, compensate for the loss of the LC
resonators 610a and 6105, and thus constitute an LC differ-
ential oscillator.

[0067] In this case, the differential pulse oscillator has a
structure in which power components to be supplied to
M;[text missing or illegible when filed] and M, are
controlled by using M, and M,, and M, and M [text miss-
ing or illegible when filed] are used to reduce a ringing
component attributable to a switching operation or to improve
a response speed at the time of performing switching.
[0068] FIG. 10 is a diagram showing a picture of a chip
obtained by manufacturing the differential pulse oscillator of
FIG. 9 using a CMOS manufacturing process. A method of
generating ultra-wideband signals according to the present
invention can be easily implemented in the form of an Inte-
grated Circuit (IC).

[0069] FIG. 11 is a diagram showing the results of simula-
tion of the output signal from the output terminal OUT(+)
when the control signals of FIG. 5 are applied, and FIG. 12 is
a diagram showing the results of simulation of the output
signal from the output terminal OUT (+) when the control
signals of FIG. 6 are applied.

[0070] FIG. 13 is a diagram showing the results obtained by
overlapping the simulation output signals of FIGS. 11 and 12
to compare the phases of the simulation output signals. It can
be seen through FIG. 13 that the phases of output signals can
be changed by 180°, and a fast transient response of about 100
ps is exhibited by using the control signals of FIGS. 5 and 6.
[0071] FIG. 14 is a diagram showing the construction of an
ultra-wideband signal generator 700 implemented using
CMOS devices and L.C resonators according to an embodi-
ment of the present invention. The ultra-wideband signal
generator 700 includes differential pulse oscillators and
inverting amplification units M;' and M, for the configura-
tion of an array.

[0072] FIG. 15illustrates the results of simulation of output
signals from the output terminal OUT(+), corresponding to
the control signals of FIG. 7, and shows the relationships
between the phases of the output signals corresponding to
input signals.

[0073] As described above, when an ultra-wideband signal
generator according to the present invention is used, PSK
modulation may be performed without requiring a separate
modulator, and fast transient response characteristics may be
W obtained. Therefore, the present invention is advantageous
in that it may reduce complexity in the implementation of
circuits and costs for implementation, and may enable a radio
system having operating characteristics of low power, high
speed and high precision to be implemented.

[0074] Although the embodiments of the present invention
have been disclosed for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed in the accom-
panying claims. Therefore, it should be noted that all suitable
modifications, changes and equivalents thereof belong to the
scope of the present invention.

What is claimed is:

1. A multi-phase ultra-wideband signal generator using
differential pulse oscillators and an array thereof, comprising
N pulse oscillators for generating pulse signals based on
supply of power; and

further comprising N inverting amplification units for

respectively outputting inverted amplified signals of
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output signals of the N pulse oscillators when a number
of pulse oscillators is at least two,

wherein, when the number of pulse oscillators is an even
number, the pulse oscillators are arrayed such that they
have a connection form in which output terminals OUT
(+)and OUT(-) of a relevant pulse oscillator are respec-
tively connected to output terminals OUT(+) and OUT
(=) of anext pulse oscillator through a relevant inverting
amplification unit, and the connection form is consecu-
tively applied to the pulse oscillators ranging from a first
pulse oscillator to a last pulse oscillator, and such that the
output terminals OUT(+) and OUT(-) of the last pulse
oscillator are respectively connected to output terminals
OUT (-) and OUT(+) of the first pulse oscillator through

a relevant inverting amplification unit, and wherein,
when the number of pulse oscillators is an odd number
greater than 1, the pulse oscillators are arrayed such that
they have a connection form in which output terminals
OUT(+) and OUT(-) of a relevant pulse oscillator are
respectively connected to output terminals OUT(+) and
OUT(-) of a next pulse oscillator through a relevant
inverting amplification unit, and the connection form is
consecutively applied to the pulse oscillators ranging
from a first pulse oscillator to a last pulse oscillator, and
such that the output terminals OUT(+) and OUT(-) of
the last pulse oscillator are respectively connected to
output terminals OUT(+) and OUT(-) of the first pulse
oscillator through a relevant inverting amplification unit.

2. The multi-phase ultra-wideband signal generator
according to claim 1, wherein each of the N pulse oscillators

comprises:
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an oscillator unit configured to include a resonator and a
negative conductance generator and to generate a pulse
signal based on supply of power; and

a first switch unit configured to control the power to be
supplied to the oscillator unit,

wherein the oscillator unit comprises equivalent half cir-
cuits (left core and right core) around an actual or virtual
AC ground, and has a structure in which two switches of
the first switch unit respectively control power compo-
nents to be supplied to the two equivalent half circuits.

3. The multi-phase ultra-wideband signal generator
according to claim 2, wherein the two switches of the first
switch unit asynchronously control the respective power
components to be supplied to the equivalent half circuits.

4. The multi-phase ultra-wideband signal generator
according to claim 2, wherein the two switches of the first
switch unit interchange a control sequence of asynchronous
control signals with each other so that Binary Phase Shift
Keying (BPSK) modulation can be performed.

5. The multi-phase ultra-wideband signal generator
according to claim 2, wherein the oscillator unit comprises a
second switch unit disposed between the resonator and the
negative conductance generator to bypass the resonator and
configured to reduce a ringing component attributable to a
switching operation or improve a response speed at the time
of performing switching.

6. The multi-phase ultra-wideband signal generator
according to claim 2, wherein the two switches of the first
switch unit are active element switches or passive element
switches.



